Effects of dietary fiber on bile acid excretion and fecal bile acid concentration have been studied for seven subjects fed 26 g of either soft white wheat bran, corn bran, soybean hulls, or hard red spring wheat bran. Results indicate that even in a controlled study using a metabolic word, individual subject variation has a major impact on fecal bile acid excretion. This observation has not been fully appreciated in previous human studies. No significant change in the composition of fecal bile acids could be associated with the decrease in serum lipid levels previously reported. A method for the isolation and quantitation of fecal bile acids is described which does not require purification by thin-layer chromatography. A preliminary study of lyophilized fecal samples stored at -10 to -30°C showed very little or no change in bile acid content. Samples stored at room temperatures for I I months showed a substantial reduction in bile acid content.
In recent years there have been many studies of the effects of dietary fibers on the incidence of coronary heart disease related to serum cholesterol levels, on cancer of the colon, and on other diseases in Western societies. Divergent conclusions have been reached by different groups of investigators regarding the effects of wheat bran upon serum lipid levels and bile acid excretion. Kritchevsky and Story (1) reported that bran has received wide publicity as the ideal fiber, but that it has no effect on lipid levels. In a review by Truswell and Kay (2), 10 studies were cited in which an average of 37 g of wheat bran (14 to 100 g) was fed for periods ranging from 3 to 19 wk. In this review there was one report of lower serum cholesterol level (7%) and one of reduced serum triglyceride level (18%). Walters et al. (3) reported that the feeding of 39 g of bran per day did not affect steroid excretion. Jenkins et al. (4) and Cummings et al. (5) fed 30 and 40 g of wheat bran, respectively, and found increased excretion of fecal steroids. Kritchevsky (6) reported that fiber fed to animals or man will generally cause increased excretion of bile acids. The level of bile acid excretion appears to be a function of the structure of the dietary fiber. Fiber binds bile acids and bile salts in vitro (6) , and the extent of this binding is characteristic for each type of fiber and each substrate. Munoz et al. (7) reviewed 10 papers in which dietary fiber was shown to lower blood lipid levels; however, 11 other papers showed no effects on serum cholesterol or triglycerides. Generally, diets high in dietary fiber caused a significant increase in fecal bulk and frequency.
Munoz et al. (7) also demonstrated the ability of high-cereal fiber diets to lower blood cholesterol levels. In that study 10 healthy men, ages 19 to 54 yr, were fed a typical American diet in addition to 26 g/day of either soft white wheat bran (SWW), corn bran (CB), soybean hulls (SH), textured vegetable protein (TVP), or hard red spring wheat bran (HRS). A 14 and 12% reduction in total plasma cholesterol occurred when SH and HRS were fed, respectively. No significant changes in cholesterol levels were observed when SWW, CB, or TVP were fed. The above dietary fibers were correlated with a 7% reduction in plasma triglyceride levels. The average daily weight of the wet stool and the number of stools per week significantly increased in subjects fed CB, SH, and HRS. No significant changes were found when they were fed TVP or SWW. Recently van BergeHenegouwen et al. (8) fed seven male subjects a diet containing 33.5 to 37.8 g/day of American Association of Cereal Chemists wheat bran and found a 10% reduction in serum cholesterol levels and a 24% decrease in serum triglyceride levels (8) . Bile acid excretion was not determined in their study.
To determine whether a reduction in plasma cholesterol is related to an increased bile acid excretion, we have isolated and quantitated the human fecal bile acids from lyophilized feces collected by Munoz et al. (7) during their study on high-fiber diets.
Materials and methods

Fecal samples
Lyophilized fecal samples were obtained during a study of the effects of dietary fiber on plasma lipids (7) . A detailed description of standardized diets and testing conditions used in that study have been reported (7) .
Chemicals
Reference cholic, chenodeoxycholic, deoxycholic, and lithocholic acids were purchased from Aldrich Chemical Co., Milwaukee, WI. Hyocholic acid was obtained from Steroloids, Inc., Wilton, NH. These bile acid standards were checked for purity by thin-layer chromatography (TLC) and gas-liquid chromatography (GLC). Bile acid standards selected for use were 98 to 99+% free of impurity. Cholic acid (carboxyl-14C) was purchased from ICN, Irvine, CA. Commercially available reagent grade solvents and trifluoroacetic anhydride were used without further purification. Diazomethane was prepared from EXR-IOI mixture (E. I. DuPont De Nemours & Co., Inc., Penns Grove, NJ).5
Isolation and ana~}'sis offecal bile acids
In general, the separation and quantitation of human fecal bile acids were conducted using hyocholic acid as an internal standard as reported by Subbiah (9, 10) . Samples of dry fecal homogenate (I to 3 g) were mixed with 10 to 25 mg of hyocholic acid (internal standard), 75 ml of 4 N KOH, 40 ml of 95% ethanoL and 40 ml of dioxane and refluxed for 3.5 h. Saponification was carried out with vigorous magnetic stirring in an oil bath to prevent localized overheating and adhering of fibers to the surface of the flask. After cooling, the reaction mixture was quantitatively transferred to a separatory funnel, and the neutral steroids were extracted with petroleum ether. The petroleum ether extracts were combined and washed thoroughly with water. The water washings and the remaining aqueous phase were combined and acidified with 50% HC!. The hydrolyzate was transferred to a separatory funnel and extracted six times with 50-ml portions of chloroform-95% ethanol, 2: I (vIv). When necessary, the emulsified portion of the extraction mixture was separated by centrifuging for 0.25 to 0.5 h at 5000 rpm. The combined chloroform-ethanol extracts were neutralized by washing with water, evaporated to dryness, and diluted to 10 ml with methanol-diethyl ether, 9: I (vIv). A 2.5-ml aliquot of this solution was concentrated to about 0.5 ml under nitrogen, methylated with diazomethane, and evaporated to dryness under nitrogen. The trifluoroacetate derivative was then prepared by treating the dry sample with undiluted trifluoroacetic anhydride at 65°C for 0.25 h in a culture tube with Teflon-lined screw cap.
Bile acid methyl ester trifluoroacetates were analyzed on a 6 ft x 14 in od glass column packed with pretested 3% QF-l on Gas Chrom Q, 100-120 mesh (Applied Science Laboratories, Inc., State College, PAl using a Model 5360 Barber Colman gas chromatograph. Operating conditions: Column oven and injector port temperature, nooe: hydrogen flame detector, 240 o e: helium flow. 60 ml/min (II).
Bile acid peaks were identified by comparing their relative retention times to those of pure standards. The amount of each bile acid was calculated from a knowledge of the relative peak area and the amount of hyocholate (internal standard) used. The area under each peak was determined by electronic integration of the GLC curve (I2), and the peak areas for each bile acid was corrected for detector response.
Results and discussion
A detailed description of standardized diets and testing conditions used in collecting lyophilized feces have been reported by Munoz et al. (7) , Volunteers were fed a typical American diet containing an additional 25 to 26 g on a dry weight basis of either SWW, CB, SH, TVP, 'or HRS. The experimental diets were well accepted by all volunteers. Both the average daily wet stool weight and the number of stools per week significantly increased in volunteers fed CB, SH, and HRS; SWW 5The mention of firm names or trade products does not imply that they are endorsed or recommended by the United States Department of Agriculture over other firms or similar products not mentioned. increased significantly only the stool weight. Experiment periods were 30 days in length. Fecal samples were collected during the last 12 days. Six-day collections of feces were pooled, mixed with a blender, and freezedried for subsequent examination and analysis.
As described by Subbiah (9, 10), hyocholic acid (internal standard) was added to the fecal homogenates and followed through the entire saponification, extraction, and quantitation procedure for bile acids. Initially, the efficiency of saponification and extraction steps were checked using (carboxyl 14C) cholic acid as recovery standard. Recovery was 93%. The difficulty of separating fibers in the extraction of bile acid fractions varied greatly, because the physical properties of the fibers differed with each individual fecal collection. These differences may be due to changes in composition of intestinal microflora or intestinal transit time, or both (7, 13) .
In this study, purification offecal bile acids by TLC before G LC analysis was eliminated. Inconsistent bile acid analyses were obtained when TLC was used. Apparently, some of the sample was lost because of contaminants on TLC plates or incomplete extraction of acids from the silica gel, or both. GLC analyses were run immediately after derivatization of bile acid extract in order to minimize the possibility of oxidative decomposition of the trifluoroacetates. The present study was intended to determine the relation of high-fiber diets to total fecal bile acid content and to determine the effect of fiber on the major individual bile acids.
The predominant bile acids found in this study were identified as lithocholic, 3,8,120:-dihydroxycholanic, deoxycholic, chenodeoxycholic, and cholic acids. A standard for 3,8, 120:-dihydroxycholanic acid was not available; this acid was tentatively identified by comparison of the relative retention time of the unknown with the retention times for bile acids reported by Subbiah et al. (11) . When the area of the unidentified peak was I% or greater, the area was included in the peak area for 3,8, 120:-dihydroxycholanic acid. The area of the unknown peak was greater than 2% only for volunteer 17 who had been given the basal low protein diet. With the exception of 3,8, 120:-dihydroxycholanic acid, the detector response for each bile acid was found according to a method reported by Daxenbichler et al. (14) . With the response for hyocholic methyl ester trifluoroacetates set at 1.00, responses for the bile acids were: lithocholic, 0.86; deoxycholic, 1.05; chenodeoxycholic, 0.65; and cholic, 0.64. The detector response determined for deoxycholic acid was used for 3,8,120:-dihydroxycholanic acids, since these acids are geometric isomers. GLC peaks for chenodeoxycholate and cholate were relatively small for most samples and, consequently, their quantitation is subject to large errors. Quantitation of small peaks by GLC analyses can be in error by ±1.0%. However, this error would not have a significant effect on the total bile acid determination.
Dintzis et al. (13) reported that data derived from a 12-day fecal collection appeared to be superior to data from shorter collection periods (6 days), because, although the volunteers in the study ingested diets at a constant rate, they did not eliminate at a constant rate. For this reason, the average weight of bile acid excreted (mg/day) for two consecutive collection periods is reported in Table  1 . Large individual variations were found both in the total daily excretion of bile acids and in the proportions of the individual bile acids. An increase in fecal bile acid excretion occurred for three of the four volunteers fed CB. A decrease in bile acids occurred for one of three volunteers fed SWW, for three of four volunteers fed SH, and for two of three subjects fed HRS. When volunteer 6 was fed HRS a second time, 3 months later, bile acid excretion increased. The lack of a consistent decrease in bile acid excretion reflects the importance of individual variation. This observation suggests that because of individual variation in reasonable homogenous populations, possible differences in experimental protocol and analytical methodology should be considered before data from various studies are compared and suggest the need for standardized protocols and analytical procedures. In a previous study (7), total plasma cholesterol was lowered when volunteers 1, 2, 4, 6, and 7 were fed CB, SH, or HRS. These results seem to indicate that the ability of a high-fiber diet to lower serum cholesterol is not directly related to the excretion of bile acids. The amount of excreted bile acids, expressed as mg of bile acids per g of dry feces, are shown in Table 2 . For these diets containing dietary fiber, there is a general trend towards lower concentrations of bile acids compared to the basal diet. Comparison of the data in Table 2 to previously reported stool weights (7) indicates the lower concentration of bile acids in the high fiber diets is primarily a dilution effect. These results again indicate that the concentration of bile acids is a function of the individual volunteer as well as of diet and the weight of fecal solids.
A previous publication (13) described the extraction of bile acids from lyophilized feces in a Soxhlet assembly with a solvent of chloroform-methanol-water mixture in the volume ratio of 9:9:2 for a minimum of 24 h. Bile acid excretion values obtained for most of these extractions were lower than those for extractions carried out as described in this work. During the long extraction period used in previous work, it is possible that degradative loss of bile acids took place.
The composition of fecal bile acids from six volunteers is presented in Table 3 . No consistent change in bile acid composition was observed when SWW, CB, SH, or HRS was fed. The changes in composition varied more with the individual than with the diet.
The effects of storage on fecal bile acids are shown in Table 4 . Lyophilized fecal samples were normally stored in refrigerator at lO°e. For the storage study, portions of some of the samples were stored in freezer at -30°C for short periods, and other portions were kept at ambient temperature for 11 months. Results for volunteer 7 seem to indicate that the fecal bile acid content increased when stored at -lO°e. These results are not understood. Perhaps they were caused by nonuniform sampling of dry fecal mate- rials. Since particle size of excreted bran varied from 40 mesh to as small as 200 mesh (13) , uniform samples of fibers and fmes were difficult to obtain. Results for volunteers 17, 21, and 22 showed a substantial reduction in bile acid content after storage at room temperature for 11 months. However, these data do not indicate that preferential degradation of a specific or single bile acid occurred during storage at room temperature.
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